Organic layers are heterogeneous in space and their composition changes over time. This poses challenges to ecohydrologists, subsurface hydrologists and ground engineers in characterizing subsurface peat structures and predicting their behaviour over time. Peat deposits can be characterized by performing electrical surveys, provided that the complex conductivity of peat is understood and connected to its physical and chemical properties. Low-frequency (0.1-1000 Hz) induced polarization measurements were carried out to investigate the correlation between the chemical and physical properties of several peat samples and their electrical properties. A Cole-Cole model was fit to the peat spectra to obtain the model parameters and study their relationship with the sample properties. All the samples were characterized by analysing their degree of humification, water content, organic content, cation exchange capacity, pH and conductivity of the pore-fluid. Two significant correlations between physical, chemical and electrical properties are found. The peat bulk conductivity is directly correlated with the pore fluid conductivity, whereas the degree of humification of peat shows an inverse correlation with the phase angle. This study presents results that have implications for peatland characterization with frequency dependent or single frequency analysis of induced polarization measurements.
INTRODUCTION
The low-frequency polarization of inorganic sediments originates in the polarization of the electrical double layer formed at the solid-fluid interface and it is a function of the surface chemical properties, the pore solution chemistry and the microgeometrical properties of the sample (Lesmes and Frye 2001) . In organic media the surface activity is determined by functional groups that carry a negative charge. The total amount of cations absorbed by the negatively charged surface of peat is called cation exchange capacity (CEC). Very diverse values of peat CEC are found in literature, because CEC varies with species composition (Rippy and Nelson 2007) . Thorpe (1973) reported a range of values from humus (65 cmol/kg) to sphagnum moss peat (122 cmol/kg), which has a much higher CEC than other plants (Moore and Bellamy 1974) , whereas a much lower value (10.6 cmol/kg) was found for fen peat (Gogo and Pearce 2009) .
A peatland is a dynamic system due to the decomposition of organic matter by microflora, bacteria and fungi. During the humification process, the composition of peat changes, with the production of biogenic gas and dissolved humic acids. Humic acids absorb and exchange many cations and are therefore a source of peat CEC (Szalay 1964) . A relationship between CEC and humification is expected because as peat decomposes, there original compaction and texture of the peat. One limitation of this technique is that it requires subsampling; however, due to the high compressibility of peat and the presence of fibres, perfectly undisturbed samples of soft soils cannot be extracted (La Rochelle et al. 1981) and disturbance can only be reduced to minimize the effects on the soil matrix and degree of compression. We assume that the disturbance during sampling and preparation of the specimen is minor compared to the textural difference among the samples, which covers a wide range of degrees of humification, from very fibrous low-humified peat to an amorphous highly decomposed peat.
The conductivity amplitude and phase response of the peat samples were acquired with a four-electrode configuration using a two-channel dynamic signal analyser (HP 35665A), which operates over the frequency range 16 mHz to 51 kHz. The experimental cell used for the electrical measurements is a glass tube with an internal diameter of 34.5 mm. The current electrodes were goldplated disks placed at the extremities of the tube. The voltage was measured between platinum electrodes of length 30 mm and diameter 1.8 mm, with an electrode separation of 220 mm. The electrodes were connected to the analyser through a pre-amplifier, which is characterized by high input impedance to reduce the polarization of potential electrodes and low output impedance to reduce capacitive coupling effects. A detailed description and schematic diagram of the system including the effects of sampling, sample preparation and potential electrodes used is given in Vanhala and Soininen (1995) . The phase accuracy of the system is frequency-dependent and depends on the sample properties. For the frequency range 0.1 Hz to 1 kHz and the resistivity of the peat samples tested, the phase accuracy is better than 1 mrad (Vanhala and Soininen 1995) .
The real (σ´) and imaginary (σ´´) components of the complex conductivity (σ * ) can be computed from the measured phase angle (φ) and amplitude (|Z|) of the impedance according to the geometrical factor, which is the ratio between the electrode distance (d) and the electrode area (A):
(1) Considering the high water content and saturation of the peat samples (with an average of 92.6%), temperature corrections for both the bulk conductivity and the pore fluid conductivity were based on the functional dependence of water conductivity (Keller and Frischknecht 1966) on temperature T (in ° C), given by (2) where α = 0.025° C −1 (Ward 1990) . As tested for some of the peat samples, the low-frequency phase angle response did not significantly change in the range of temperature of the room (20.0° C ± 1.5° C). Therefore, σ´´ at 20° C can be derived from σ´ at 20° C through the relationship ing the degradation process, also a change in induced polarization response is expected for different degrees of humification of the organic matter.
Recently, induced polarization measurements have been used in peat to study the depth and thickness of layers (Slater and Reeve 2002; El-Qady et al. 2005) , to detect archaeological remains (Weller et al. 2006) and to estimate the surface area to pore volume (Mansoor and Slater 2007) . Moreover, electrical conductivity measurements provide information about peatlands morphology and stratigraphy, which is strongly correlated with the vegetation patterning . Field observations of the peat conductivity present very diverse values, from a few to hundreds mS/m (e.g., Siegel 1988; Theimer et al. 1994) , typically increasing with depth, when the underlying layer is a mineral soil that releases inorganic solutes (Slater and Reeve 2002) . The conductivity response of peat depends on the conductive properties of both the fluid saturating the peat and the surface of the solid grains in contact with the fluid. In contrast with Archie's law (Archie 1942) , the bulk conductivity depends nonlinearly on the pore fluid and is modelled by including a power law accounting for the phenomenon of pore space dilation, which occurs when the pore fluid salinity increases . However, fully saturated conditions do not always apply, due to the production of biogenic gases by the organic matter. The biogenic gases produced affect the electrical measurements by reducing the peat conductivity response; this is due to the displacement of conductive fluid from the peat pores and to the increase of porosity as a result of deformation of the organic matter . As the complex conductivity of peat is primarily affected by the pore-fluid conductivity and the peat structure (Kettridge et al. 2008) , induced polarization measurements may indicate properties such as the degree of humification of peat, providing a useful tool for ground investigation and soil classification. This work aims to improve the electrical characterization of peat, determining which peat property is controlling the complex conductivity response of peat from a different origin and composition.
Laboratory measurements of the low-frequency complex conductivity were conducted over the frequency range 0.1-1000 Hz on Finnish and Dutch peat samples. The results were analysed and related to the physicochemical properties of the samples, to establish the controlling parameters of the electrical response. A Cole-Cole model was fitted to the peat samples spectra and model parameters were analysed and discussed.
EXPERIMENTAL SET UP Laboratory methods
For each sample a peat block was collected, saturated with groundwater and sealed in a plastic bag. Once in the lab, the peat samples were stored in a dark climate room at 10° C. Each peat block was cut and subsampled to obtain a specimen with the same volume as the experimental cell. The specimen was carefully placed in the experimental cell, trying to preserve the determine the best setting for the pre-amplifier and the frequency range in which the complex conductivity spectra are stable and repeatable with high precision. The measured spectra were compared with the theoretical σ * values according to (4) where precise values of ε * as a function of temperature and salinity of the electrolyte solution were determined from the equations derived by Stogryn (1971) .
Figure 1(a) shows theoretical values of σ w for distilled (DW) and saline water (SW) compared with experimental data (σ´), and Fig. 1(b) the phase error (ϕ err ) obtained as the difference between the measured and the theoretical phase angle, with error bars that define the accuracy of the measurements (1 mrad). The four-electrode configuration of the system is effective to determine the real conductivity below the kHz range. At low frequencies, the error in the phase angle response is low both for distilled and saline water (σ SW = 88 mS/m). Above 100 Hz, the phase error increases due to the capacitive coupling effect, which depends on the sample resistance but also on the pre-amplifier properties and on the length of the cables. In addition to the sample resistance, the phase error depends on the contact resistance between the current and potential electrodes (Vanhala and Soininen 1995) . As previously determined on the same system, the phase shift due to capacitive coupling is lower than 1 mrad for the tested conductivities and for frequencies lower than 100 Hz (Vanhala and Soininen 1995) .
PEAT PROPERTIES Sample properties
The selected peats present very diverse origins and properties. One sample was collected in the field test of IJkdijk, in the Netherlands,
For these tests, peat samples from IJkdijk (the Netherlands) and from different regions of Finland were used. Representative subsamples were selected for analysis of degree of humification (H), water content (WC), organic content (OC), cation exchange capacity (CEC), pH and conductivity of the pore-fluid (σ w ). Degree of humification, which represents the level of decomposition of the organic matter in the peat, was determined according to the von Post classification (von Post 1922) . Water content was determined based on the weight loss of the bulk peat after drying 24 h at 105° C (den Haan and Kruse 2007) . We define water content as the ratio between the mass of water contained in the sample and the total mass of the sample. Organic content was determined based on the weight loss on ignition at 500º C (den Haan and Kruse 2007) and corrected with a formula proposed by Skempton and Petley (1970) . The cation exchange capacity was measured on 2 g of air-dried peat according to a protocol described by Thorpe (1973) and recently used for CEC measurements on moss peats (Rippy and Nelson 2007) . A peat sample was shaken with 0.5 N HCl to displace the adsorbed cations and saturate exchange sites with H + . The suspension was filtered, washed and soaked in a 0.5 N solution of barium acetate to replace H + with Ba
2+
. The suspension was filtered and washed with 300 ml of H 2 O. Washings were collected and titrated with 0.1 N solution of sodium hydroxide, using phenolphthalein as an indicator. The conductivity and pH of the fluid extracted from the samples by compression with the compression cell were measured using a conductivity meter LF 340 and a pH meter WTW 330i, respectively.
Calibration of the cell
The reliability of the electrical response of the set-up has been studied testing distilled and saline water. The calibration aims to ( Puranen et al. 1997) , have been used for analysis of the development and structure of bogs (Puranen et al. 1999; Mäkilä 2004) .
In Table 1 , the classification of the peat samples for several properties is reported. Peat samples can be a mixture of two or more plant types. Their botanical composition is described by symbols for each plant type, in which the first symbol represents the principal component. For these samples, plant types were Sphagnum (S), Carex (C) and Lignidi (L). The degree of humification ranged from not-decomposed peat with intact plant structure (H = 1) to very strongly decomposed peat with the structure of the plants almost unrecognizable (H = 8). A description of the classification of peat based on its degree of decomposition is reported by Hobbs (1986) . All samples had high organic content, over 90%, except for the Dutch peat, for which the mineral fracwhile the other eleven samples were obtained from different mires and bogs of Finland from locations shown in Fig. 2 . Mires are wetlands dominated by living peat-forming plants, while bogs are mires characterized by a vegetation of sphagnum, low trees and shrubs (Hobbs 1986; Rydin and Jeglum 2006) . In Finland electrical and electromagnetic (EM) techniques have been used for the mapping of peatlands since the early 1970s. Nowadays, low altitude high-resolution airborne EM data (Airo 2005 ) cover the whole Finnish territory. As the electrical conductivity of peat typically differs from that of the underlying bedrock or clay, the airborne EM data have been used for regional scale mapping of peat layers thickness (Puranen et al. 1999; Säävuori and Mäkilä 2004) . Detailed electrical conductivity models and sections of bogs, based mostly on electrical conductivity probe measurements fied at a value of pH ZPC = 3.1 (Sepulveda-Cuevas et al. 2008) .
The presence of the electrical double layer in soils with charged particles like peat has an influence on both the real and imaginary conductivity responses. At low frequency, the complex conductivity of peat is typically modelled adding a complex surface conductivity in parallel with the electrolytic conductivity (σ el ) through the bulk pore-fluid:
where the real conductivity shows a non-linear dependence on the pore fluid conductivity (A, b and C are fitting parameters), as observed by : (6) The surface conductivity represents both the conductive and capacitive properties of the electrical double layer. In order to improve the electrical models for organic soils, the influence of physical and chemical properties on the complex conductivity and thus on the electrical double layer, has to be investigated. The lowfrequency dispersion of σ* is primarily controlled by diffusive polarization mechanisms (e.g., Chelidze and Gueguen 1999) . Diffusive polarization occurs when ions migrate through the bulk pore solution due to the electric field applied and accumulate at physico-chemical discontinuities, giving a local increase of charges. The low-frequency polarization of porous media is explained by Marshall and Madden (1959) with membrane polarization mechanisms. Several theoretical models have been developed to obtain information about the microgeometry of porous materials (de Lima and Sharma 1992; Lesmes and Morgan 2001; Titov et al. 2002; Leroy et al. 2008) . However, these theoretical models have been tion was higher than the organic fraction. The CEC ranged from 31.7-97.2 cmol/kg, with higher values for the sphagnum dominant plant type and lower for carex peat. Most of the peat samples were acidic, with a pH ranging from 3.6-5.2, except for the last two samples, with a pH around neutrality.
Model of charges and conductivity of peat
The electrochemical interaction established between charged solid particles and the electrolytic solution in contact with them is determined by the spatial distribution of ions around the charged surfaces, also called electrical double layer. A physical model to describe the electrical double layer is to divide it into two layers, one of fixed charges bound to the solid surface (Stern layer) and the other of diffuse charges within the solution in contact with the surface (Gouy-Chapman layer). The diffuse layer consists of a relatively loose ion cloud where ions can freely migrate in any direction; ionic concentration is exponentially reduced with the distance from the charged surface. The electrical potential at the plane between the fixed and mobile part of the electrical double layer is identified as the zeta potential (ζ). The magnitude and sign of ζ depends on the interfacial chemistry of both the liquid and solid phase (Hunter 1981) . The zeta potential of peat decreases when the pH or the concentration of cation increases (Asadi et al. 2011) . Moreover, the level of decomposition of peat affects ζ, as peat with a higher degree of humification shows a higher ζ (Asadi et al. 2011) . A change in the pH of the pore fluid affects the surface charges of the peat, mainly due to the dissociation of H + from the functional groups. For example, carboxylic acid (COOH) groups dissociate a proton (H + ) in acidic conditions (below pH = 6) leaving a negative charge on the carboxyl groups (COO -). The pH at which the peat surface has a net neutral charge is the point of zero charge (pH ZPC ); for sphagnum peat this point was identi- (2009) showed that a change in water content during desaturation of clay-rocks does not affect the low-frequency τ, whereas the highfrequency τ increases with drying. After analysing several data sets of different porous media, Kruschwitz et al. (2010) concluded that for samples with large pore throats τ increases with the pore-throat size, whereas for samples with small pore throats the diffusion length scale does not appear to be controlled by modal pore-throat size. The time constant is thus also influenced by other physical and chemical properties that affect the low-frequency diffusive mechanisms in the electrical double layer. Therefore, as the complex conductivity response of soils is controlled by coupled physicochemical polarization mechanisms, it is difficult to relate the spectral induced polarization signal to a single structural factor of a studied sample (Koch et al. 2010) .
RESULTS
The complex conductivity measured in the glass tube showed that the peat samples produce a phase peak in the range 1-100Hz, as observed previously on organic (Mansoor and Slater 2007) and inorganic materials (Lesmes and Morgan 2001; Scott and Barker 2003) . Each peat spectrum was fitted with a Cole-Cole model (Cole and Cole 1941; Pelton et al. 1978 ) using a trust-regionreflective algorithm, which solves non-linear least-squares problems. As expected from the calibration with water, the capacitive coupling above 100 Hz appears to affect the electrical response, with a relevant increase of the imaginary conductivity. For this reason, the model was fit to the spectra in the range of frequency 10 -1 -10 2 Hz. Figure 3 shows the frequency-dependent complex conductivity of two peat samples of different dominant plant types, Carex (S5) and Sphagnum (S10) and the fit of equation (7) to both data sets (solid lines). The electrical response shows a clear variabildeveloped for porous media with structure and texture very different from peat and contain a large number of parameters that are difficult to constrain in many applications (Kruschwitz et al. 2010 ). Leroy and Revil (2009) presented a mechanistic model for σ* of saturated clay-rich materials. Jougnot et al. (2010) extended this model to unsaturated clay-rocks. These models are based on the polarization of the Stern layer, which is discontinuous, whereas the polarization of the diffuse layer, which forms a continuous phase through the porous material, is not considered.
The frequency dependent electrical response of peat can be fitted with an empirical derived model such as the Cole-Cole model (Cole and Cole 1941; Pelton et al. 1978) , which has recently been used to describe the electrical response of marsh soils by Mansoor and Slater (2007) . The frequency dependent behaviour of the complex conductivity is described by the relationship (7) where σ 0 is the DC conductivity, m is the chargeability, τ is the mean relaxation time and c a shape exponent. A change in τ corresponds to a shift in the peak of the phase, whereas c is related to the distribution of grain size and thus it determines the phase distribution, because the phase is strongly related to the polarization of the Stern layer (Jougnot et al. 2010) . The relaxation time is related to the geometrical characteristics of the material (e.g., grain or pore-throat size) that determine the diffusive relaxation processes responsible for the low-frequency electrical polarization. For spectral induced polarization measurements on organic sediments, Koch et al. (2010) observed a clear correlation between the relaxation time of the ColeCole model and the hydraulic conductivity, which is determined by changes in the degree of compaction of the sample. Ghorbani et al. direct correlation with τ. The parameter that can be used as a global estimation of the interfacial polarization magnitude is the normalized chargeability m n (Lesmes and Frye 2001) , which is the ratio between m and the electrical resistivity. Mansoor and Slater (2007) showed that m n is proportional to the specific surface area in marsh soils, with a higher correlation for clay samples than peat. As expected, in the presented data set a linear correlation exists between m n and σ´´ measured at 1 Hz (R = 0.79) but no evidence of another relationship between m n and the sample properties was found. This result is in accordance with Fig. 5 , as also none of the samples' properties can be related to σ´´. ity among the different peat samples; however, the Cole-Cole model sufficiently fits all the spectra with a maximum global root-mean-square (rms) error of 1.10% for sample S4. A complete report of model parameters and errors obtained from the fitting of all peat samples is given in Table 2 . The Cole-Cole parameters obtained from the frequency analysis of the peat spectra showed no significant relationship with any of the peat samples properties reported in Table 1 . The Cole-Cole parameter that contains information about the frequency behaviour of the complex conductivity is the mean relaxation time τ, whose relationship with the peat sample properties is displayed in Fig. 4 . It appears that none of the properties considered in this study has a the experimental data also fit equation (6), where σ´´ is included in the real surface conductivity but for our results the fitting parameters A, b and C are an average of the 12 samples and they do not identify a specific peat. With regard to the measured σ´´, no clear correlation was found, as none of the sample properties had a coefficient of correlation higher than 0.80, which we took as the threshold for significance (p-value < 0.002). Instead, the degree of humification of the sample showed a negative inverse correlation (R = -0.86) with the phase angle of the complex conductivity (Fig. 7a) , which represents the field parameter to measure the polarization; all the other properties showed low correlation with the phase response ( Fig. 7b -f ). This means that the phase response of the peat increases with decreasing decomposition, even for peat samples of different plant types. Therefore, among the properties
The relationships between the electrical response of peat, in terms of conductivity and polarization and the physicochemical properties of the samples were studied to determine which properties control the induced polarization measurements of peat. Figures  5 and 6 show correlations of different peat samples properties with σ´ and σ´´, which represent the conduction and the polarization response of the material respectively. Measurements are taken at a single frequency (1 Hz) and corrected to a temperature of 20º C. For the tests carried out on the 12 samples of different composition, the conductivity of the pore fluid was found to be the property with the highest coefficient of correlation with σ´ (Fig. 6f) and thus the property that primarily affects the conductivity response. In agreement with the conclusions of on organic soils, the relationship between σ´ and σ w is non-linear (σ´ ∝ σ w 1.6 ); (1 Hz, 20º C). The relationship between σ' and σ w is non-linear and has a p-value < 0.0001 (Fig. 6f) .
decomposed peat. The degree of humification correlation with ϕ suggests that a physical change in the structure of peat has a larger influence on the phase response than both the pore-fluid conductivity and the number of free exchange sites of the samples. During the injection of current in a peat sample, charged particles pass through interconnected pores and capillaries and build up around charged surface particles, forming a fixed layer (Stern layer) of charges at the solid/pore fluid interface. This phenomenon induces a polarization of the sample due to storage of charges, contributing to a phase delay measured between the injected current and the potential difference. Assuming that there is no exchange of ions between the fixed and the diffuse layer (Leroy et al. 2008) , the polarization of the Stern layer is due to the movement of ions tangentially to the solid/pore fluid interface. For solid particles of spherical shape, the characteristic length associated to the polarization of the counter-ion atmosphere around the particles is the grain size (Schwarz 1962) . In peat, the size of the solid particles changes according to the degree of humification, from long shape fibres (low-humified peat) to smaller and more spherical organic particles (high-humified peat). Therefore, as the electrochemical polarization of porous media is determined from the grain size distribution (Leroy et al. 2008) , polarization of the Stern layer in peat should be affected by the length of the peat fibres and thus by the degree of humification. From our results, the polarization effect is higher for low degrees of humification, when the plant structure is more intact and charges can be built up around cell membranes. For higher degrees of humification, openings in the cell membranes of leaves and stems become larger as membranes decompose and eventually disappear, leaving an open framework structure (Landva and Pheeney 1980) , reducing the polarizability. The lack of correlation between decomposition and CEC can be explained by the different botanical composition of the tested peat, as CEC depends on species distribution (Rippy and Nelson 2007) . A significant correlation between CEC and low-frequency polarization of peat was not found, in agreement with results of a previous study on clayrocks Ghorbani et al. 2009 ).
considered in this study, the degree of humification is the one that affects the phase angle response the most.
DISCUSSION
The frequency analysis of the peat spectra showed that the ColeCole model is an appropriate phenomenological model to reproduce the low-frequency dispersion of peat samples of different composition. However, the results did not show a clear correlation between the peat sample properties investigated and the frequency parameter τ. In our analysis, we only included physical and chemical properties that are not directly related to the microgeometry of the samples. The degree of humification is determined based on the soil texture at the macroscale, whereas the water content depends not only on the porosity of the material but also on the organic content and on the density of both the mineral and organic fraction. As showed by Ghorbani et al. (2009) for clay-rocks, the low-frequency polarization is not controlled by macropores, as textural changes are due to loss of water in micropores; in agreement with their results we did not find a correlation between the low-frequency τ and the water content. These results suggest that the frequency analysis cannot be used to determine univocally one of the six physical and chemical properties studied, due to the complexity of the low-frequency physical and chemical polarization mechanisms that are intrinsically coupled. The single frequency analysis (1 Hz) of induced polarization (IP) measurements showed that the electrical response can be effectively used to obtain information on the peat sample properties. A correlation was found between the degree of humification and the phase angle, which is the field parameter to quantify the polarization response and is proportional to the ratio of physical properties quantifying the polarization (σ´´) and the conductivity (σ´). Although a disturbance on the peat samples may have occurred, we may assume that the alteration of the matrix properties was minor compared to the structural differences among the samples. The structural differences in the sample studied range from a very fibrous low-humified peat to an amorphous highly (Fig. 7a ).
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As shown in Fig. 6 , the real conductivity response measured on the 12 peat samples of different composition is controlled mainly by the conductivity of the pore-fluid saturating the peat. The nonlinearity of the relationship between the bulk and pore fluid conductivity (σ´ ∝ σ w 1.6 ) is explained by the pore-dilation effect , while Archie's law is inappropriate to model the electrical conductivity of organic soils. The experimental data of the peat samples tested also fit equation (6), which is valid for saturated conditions. This confirms that the chemistry of the solution, through the concentration of dissolved ions in the electrolyte, plays the most relevant role on σ´, rather than the index properties (organic content or humification) of the sample. Therefore, IP measurements on peat can be used to obtain information on the pore fluid conductivity and the level of decomposition of the organic matter from the measured σ' and φ, respectively; moreover, the Cole-Cole model is effective in simulating the low-frequency electrical behaviour of peat and the derived normalized chargeability can be used to estimate the polarizability of the sample.
CONCLUSIONS
This paper has presented two different approaches to analyse IP measurements on peat. The frequency analysis of peat spectra fitting the experimental data with a Cole-Cole model showed no clear correlation between the mean relaxation time and the physicochemical properties of the peat samples. A linear relation between the calculated m n and the measured σ´´ at a single frequency (1 Hz) was found. This suggests that the physicochemical properties of the samples affecting the conductivity and polarizability of the material can be directly determined by studying the low-frequency electrical response correlations with the sample properties at a single frequency.
A correlation was found between the degree of humification and the phase angle of the low-frequency induced polarization response of peat. The phase response is a function of humification due to a loss of structure during the decomposition of the organic matter. Therefore, an indication of the level of decomposition of the peat can be obtained from low-frequency electrical measurements, independently of the peat plant types. However, the polarization of organic soils is a complex phenomenon that involves multiple physical (e.g., geometry of the pore space), chemical (pore fluid chemistry) and biological (e.g., plant composition and degradation) properties; among these properties, the degree of humification of the peat plays a relevant role. The conductivity response of peat is non-linearly correlated with the pore fluid conductivity, which clearly appears as the main parameter confirming previous results on organic soils. These results provide a better understanding of the origin of the low-frequency polarization and electric conductivity of organic soils.
